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cyclophosphamide 50 mg/kg in patients with acute leukemias
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In this study, we aimed to compare the engraftment days, graft-versus-host disease (GVHD) development, relapse and overall
survival rates in patients using myeloablative/reduced intensity conditioning regimens with posttransplant cyclophosphamide
(PTCy) 25 mg/kg x2 with Anti-T lymphocyte Globulin (ATLG) (n = 29) and PTCy 50 mg/kg x2 doses (n =41) in patients with acute
leukemias. Matched related, matched unrelated, 1 mismatched unrelated, and haploidentical donors were selected for the patients.
Platelet (median 11 vs 17 days) and neutrophil (median 14 vs 15 days) engraftment times were shorter in ATLG+ PTCy25 treated
patients (both p < 0.05); veno-occlusive disease rates, graft failure and poor graft functions were similar between the two
approaches (all p > 0.05); cumulative incidences of grade II-IV aGVHD at +100 days, grade IlI-IV aGVHD at +100 days, and grade II-IV
cGVHD at 1-year were comparable between ATLG+PTCy25 and PTCy50 groups (all p > 0.05). Cumulative incidences of relapse and
non-relapse mortality at 1-year were similar in two cohorts (both p > 0.05). PTCy50 was associated with a statistically significant
benefit in terms of GVHD-free/relapse-free survival (GRFS) at 1-year (p = 0.03). Median GRFS was 115 (95% Cl: 42-214) days and 248
(95% ClI: 151-not reached) days, respectively [HR was 0.51 (0.28-0.95), p = 0.03; GRFS at 1-year was 20.7% vs 44.3%, respectively].
However, the groups were comparable in terms of PFS and OS. Median PFS was 332 days (95% Cl: 182 days-not reached) for ATLG
-+PTCy25 group. It was not reached (95% Cl: 210 days-not reached) for the patients who received PTCy50. Median OS was not
reached in either ATLG+PTCy25 (95% Cl: 191 days-not reached) or PTCy50 groups (Log rank = 0.42). Our study showed that
lowering PTCy dose with ATLG seems to accelerate platelet and neutrophil engraftment rates; confers similar survival and relapse
rates, similar acute and chronic GVHD frequency despite increased GRFS at 1-year.
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INTRODUCTION

Despite recent advances, allogeneic stem cell transplantation
remains the only curative option for many hematological malig-
nancies today [1]. However, the procedure is not without risk; many
infectious and immunological complications, like graft-versus-host
disease (GVHD), may arise [2]. GVHD is divided into acute and
chronic, mainly based on the timing of occurrence. Acute GVHD
(aGVHD) incidence varies among reports, ranging between 10-80%
[3]. Like aGVHD, chronic GVHD (cGVHD) frequency differs markedly
among publications, ranging 25-80% [4]. Given the problem’s
relatively high frequency, many approaches have been suggested
to mitigate its effects on outcomes. Cyclophosphamide (Cy) is one
of the pivotal agents for aGVHD prophylaxis. It has unique
characteristics and effects on T-cells, especially T-regulatory cells
[5]. Induction of T-regulatory cells, along with myeloid-derived

suppressor cells by the Cy, maintains immune tolerance and
prevents tissue damage. Cy is broadly administered post-
transplantation on days +3 and +4 [5]. Despite its success in
preventing GVHD, Cy is not without severe toxicities and side effects
[6]. The most dreadful complication is hemorrhagic cystitis, which is
seen in nearly one-quarter of the patients who received post-
transplantation Cy (PTCy) [6]. To circumvent these complications,
dose reductions with additional immunosuppressive agents were
proposed [7]. Anti-T lymphocyte globulin (ATLG) is a polyclonal
antibody preparation used in solid organ and marrow transplants.
The addition of the ATLG to the conditioning regimen has been
shown to decrease aGVHD rates and increase survival [8, 9].

There is a need for clinicians to improve the transplantation
outcomes such as increased survival, decreased the relapse, GVHD, and
cytomegalovirus (CMV) infection rates [10]. There is no universally
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accepted standard conditioning regimen and GVHD prophylaxis
approaches due to the heterogeneity of the hematologic neoplasms
and the transplantation biology itself [11]. As PTCy50-based prophy-
laxis has gained widespread use in allogeneic stem cell transplantation
across different donor types due to its efficacy in preventing GVHD.
However, PTCy50 has been associated with undesirable toxicities,
including delayed engraftment and increased susceptibility to
infections. This underscores the importance of exploring whether
reducing the PTCy dose can achieve comparable GVHD prevention
while minimizing transplant-related toxicities [12-14].

In the literature, no study compares PTCy 25mg/kg x2 with
ATLG (ATLG+PTCy25) to PTCy 50mg/kg x2 without ATLG
(PTCy50). Therefore, in this study, we aimed to compare the
engraftment days, GVHD development, relapse and overall
survival (OS) rates in patients using myeloablative/reduced
intensity conditioning (MAC/RIC) regimens with ATLG+PTCy25
and PTCy50 without ATLG in patients with acute leukemias.

SUBJECTS AND METHODS

Subjects

We conducted this multicenter retrospective non-randomized study and
analyzed 70 patients who received their first transplantation for acute
leukemias in their first remission and had PTCy dosing of 25 mg/kg x2 plus
ATLG (ATLG+PTCy25, n = 29) or PTCy dosing of 50 mg/kg x2 without ATLG
(PTCY50, n = 41) between 2018 and 2024.

All patients included in the study were 18 and older. Exclusion criteria
included patients with incomplete or missing key information, such as treatment
details, engraftment data, GVHD status, relapse data, or survival outcomes.
Patients were also excluded if they did not receive the specified conditioning
regimens (myeloablative or reduced intensity) or if they were administered PTCy
or ATLG doses outside the defined protocols. Additional exclusions applied to
patients with other hematologic or non-hematologic malignancies outside the
study criteria, those who had undergone prior allogeneic hematopoietic stem
cell transplantation, and those treated with experimental therapies, investiga-
tional drugs, or adjunctive treatments not included in the study protocol (e.g.,
post-transplant maintenance therapies). Furthermore, patients who received
stem cells from sources not specified in the study (e.g., umbilical cord blood or
ex vivo T-cell-depleted grafts) were excluded.

Our center, Ankara Oncology Hospital, has standard operation procedures
using ATLG for all conditioning regimens, and all of the patients receive PTCy
regardless of the donor type. Patients’ data were obtained from this center
who have had ATLG+PTCy25. For comparisons, PTCy50 patients’ data were
obtained from the other two centers, Istanbul and Inonu Medical Faculties.
All the patients had cardiology, pulmonology, gynecology (for females),
psychiatry, and dental evaluation for transplant preparation.

Ethics approval and consent

Ethical approval was obtained from Ankara Oncology Training and Research
Hospital in accordance with the Declaration of Helsinki (Approval number: 2024-
12/200), and written informed consents were obtained from all patients
authorizing the use of their data for research purposes prior to the transplantation.

Donor selection

Matched related, one mismatched related, matched unrelated, one
mismatched unrelated, and haploidentical donors were selected for the
patients. Firstly, the patients underwent transplantation if they had matched
or one mismatched related donor; if there were no matched or one
mismatched related donor, donor search was initiated from the national
donor pool named TURKOK, a Ministry of Health-based organization.
Unrelated donors were selected if a matched unrelated or one mismatched
unrelated donor was found from the TURKOK pool. If no donor is found at
the TURKOK, then patients undergo haploidentical transplantation.

Conditioning regimens and transplantation procedure

All of the laboratory values obtained prior to the initiation of the conditioning
regimen and peripheral collected stem cells were used for all transplants. All
patients received MAC or RIC conditioning regimens according to the EBMT
definitions [15, 16]. Fludarabine 150 mg/mz, busulfan 12.8 mg/kg, treosulfan
42 gr/mz, fractionized 12 Gray total body irradiation (TBI) for MAC and
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fludarabine 150 mg/m?, busulfan 6.4 or 9.6 mg/kg, treosulfan 30 or 36 gr/m?,
fractionized 8 Gray TBI were administered for RIC regimens. Fludarabine/
Busulfan/ATLG, Fludarabine/Treosulfan/ATLG for AML and Fludarabine/TBI/
ATLG combinations for ALL were given in patients for ATLG + PTCy 25 cohort;
Fludarabine/Busulfan, Fludarabine/Treosulfan for AML and Fludarabine-TBI
combinations for ALL were given in patients for PTCy 50 cohort.

For ATLG + PTCy 25 cohort, ATLG (Grafalon) was given —5 to —3 at a
total dose of 15 (5mg/kg x3) mg/kg for matched related donor and 30
(10mg/kg x3) mg/kg days (total 3 days) for unrelated or haploidentical
donors based on our center's standard operation procedures. All
transplants were performed using the doses of PTCy 25 or 50 mg/kg x2
on days +3 and +4. G-CSF was given to all patients starting on day +5 at
5 pg/kg/day until absolute neutrophil count recovery.

Definitions
Neutrophil engraftment was defined as a measurable neutrophil count >0.5
x 10%/L for 3 consecutive days. Primary graft failure was defined as failure to
recover neutrophil count by day +28 post-HSCT without evidence of
relapsed disease. Secondary graft failure was defined as graft failure
occurring after either initial partial or complete engraftment and was
depicted by recurrent pancytopenia with a neutrophil count <0.5 x 10°/L
without evidence of relapsed disease. Patients with 100% host chimerism
were considered to have graft rejection, and all others had graft failure [17].
Non-relapse mortality (NRM) was defined as deaths not related to
relapse. Graft-versus-host relapse-free survival (GRFS) was described as the
time elapsed between transplantation and aGVHD, cGVHD, relapse, death,
or last contact. Progression-free survival (PFS) was estimated as the time
between transplantation, relapse, death, or last contact. OS was defined as
the time between the transplantation and death or last contact.

GVHD prophylaxis and assessment

Based on standard operation procedure in our center, cyclosporine alone
was administered for GVHD prophylaxis for ATLG+PTCy25 cohort; whereas
cyclosporine plus mycophenilate mophetil, cyclosporine, or tacrolimus
alone was administered for PTCy50 cohort. The physician confirmed the
diagnosis of aGVHD based on clinical, radiologic, and laboratory results.
The Mount Sinai Acute GVHD International Consortium (MAGIC) standards
were used to assess the staging and grading of aGVHD [18, 19]. National
Institutes of Health (NIH) consensus criteria were used for the diagnosis
and staging/grading of cGVHD [20].

Endpoints

Primary endpoint of this analysis was GRFS. Secondary endpoints included
OS, PFS, cumulative incidence functions (CIF) of grade II-IV aGVHD at day
4100, grade llI-IV aGVHD at day +100, relapse at 1-year, and NRM at 1-year.

Sample size calculation

The sample size was calculated to compare 1-year GRFS between the
PTCy50 group (50% GRFS) and the ATLG-+PTCy25 group (20% GRFS). The
following assumptions were applied: Type | error (a): 0.05 (two-tailed),
power (1-f): 80%, and allocation ratio: 1:1 (N1 = N2). Using the exponential
assumption, HR = In(52)/In(S1). S1 is 0.5 (50%), S2 is 0.2 (20%). So In(0.2)/
In(0.5) = —1.609/—0.693 = 2.32.

Using Schoenfeld’s formula to find the number of events needed, the
formula is D = (Za/2 + ZB)A2 / (In(HR))A2 * @(1-¢), where ¢ is the proportion
in each group (0.5 for equal allocation) [21]. Za/2 for two-tailed 0.05 is 1.96,
Zp3 for 0.80 power is 0.84. A total of 45 events are needed.

Total sample size = D/Average event rate
Average event rate = (E1 + E2)/2
El=1—-SlandE2 =1 —152

Total sample size = 45/0.65 = 70

N1 = N2

n = 70/2 = 35 patients per group was needed.
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Statistical analysis

IBM SPSS Statistics version 26 and Stata 14.2 for Mac (StataCorp, TX, USA)
were used for statistical analyses. Continuous variables were expressed as
medians and interquartile ranges, whereas categorical variables were
expressed as numbers and percentages. Kolmogorov-Smirnov test was
applied to test for data distribution. Independent Sample T test, Mann
Whitney U, and Pearson Chi Square/Fisher Exact tests were used for
numerical and categorical data for comparisons, respectively. Competitive
risk analyses were performed for all CIF calculations. In the CIF analyses of
grade II-IV aGVHD at day +100, grade Ill-IV aGVHD at day +100, and grade
IV cGVHD at day +100, relapse and death were regarded as the
competitive risk factors. On the other hand, death was the only
competitive risk factor for CIFs of relapse at 1-year and NRM at 1-year.
Patients who did not experience failure event within 100 days and 1-year
for the cumulative analyses of grade II-IV aGVHD, grade llI-IV aGVHD, and
grade II-IV cGVHD; and CIFs of relapse and NRM, GRFS, PFS, and OS,
respectively, were censored. Fine-Gray's test was performed to determine
the differences in the CIFs between groups. Confidence intervals (Cl) were

used as an estimate of variation within each group. Sub-distributional,
cause-specific hazard ratios (HR) with corresponding Cl were presented.
Survival function was assessed by the Kaplan Meier method. Groups were
compared by the Log-rank test. Variance was assessed indirectly via the
proportional hazards assumption. HRs with Cls were estimated by Cox
proportional regression analyses. A two-sided p-value of < 0.05 was
considered statistically significant.

RESULTS

Patient characteristics

The demographical and clinical features of the patients’ data are
shown in Table 1. In ATLG+PTCy25 cohort; 14 (48.3%) patients
had AML, 15 (51.7%) had ALL. They had median 1-line treatment
prior to the transplantation. Three patients had RIC regimen and
26 patients had MAC. Patients who received RIC regimens had
AML, and all of the patients’ ages were over 50 years. Of patients

Table 1. Demographical and clinical features of the patients.
Variables ATLG + PTCy 25 (n=29) PTCy 50 (n =41) p
Age, years 37 (24.50) 40 (29.00) 0.502°
Gender (F/M) 14/15 19/22 0.873¢
BMI 24.91 (5.27) 24.00 (7.92) 0.619°
Prior lines 1 (1.00) 1.00 (1.00) 0.162°
Leukemia subtypes

AML 14 (48.3) 31 (75.6) 0.017¢

ALL 15 (51.7) 10 (24.4)
Donor age 34 (16.50) 32 (23.50) 0.729°
ECOG, 0/1 17/12 30/11 0.202¢
Karnofksy score 100 (10) 100(10) 0.106°
HCT score 0 (1) 0 (1) 0.118°
aHCT score 1) 1(1) 0.172°
Transplant Intensity, RIC/MAC 3/26 13/28 0.036°
Donor compatibility

MSD 21 (72.4) 29 (70.7)

MUD 2 (6.9) 2 (4.9) 0.903¢

Unrelated 1 mismatch 2 (6.9) 2 (4.9)

Haploidentical 4 (13.8) 8 (19.5)
CD34+ cell account, 10%/kg 7.60 (2.05) 7.34 (1.90) 03147
Blood group incompatibility

None 24 (82.8) 30 (73.2)

Major 2 (6.9) 5(12.2) 0.394¢

Minor 2 (6.9) 6 (14.6)

Bidirectional 1 (3.4) None
Pre-transplant hemoglobin, gr/dl 9.50 (1.95) 10.30 (1.60) 0.4212
Pre-transplant leukocyte, Cells/uL 3350 (3125) 4900 (3010) 0.028°
Pre-transplant neutrophil, Cells/uL 2340 (2625) 3300 (2850) 0.113°
Pre-transplant lymphocyte, Cells/uL 670 (995) 870 (810) 0.712°
Pre-transplant platelet, Cells/uL 124000 (201500) 173000 (83000) 0.211°
Pre-transplant LDH, U/L 242 (99) 186 (130.50) 0.188°
Pretransplant Ferritin, Microgram/L 1400 (1053) 946 (1235) 0.141°

Continuous variables expressed as median and interquartile range; categorical variables were expressed as numbers and percentages.

F/M Female/Male; BMI: Body Mass Index, ATLG Anti-T-lymphocyte globulin, BMI Body Mass Index, AML Acute Myeloid Leukemia, ALL Acute Lymphoblastic
Leukemia, HCT Hematopoietic Cell Transplantation (HCT)-specific Comorbidity Index, aHCT Age adjusted Hematopoietic Cell Transplantation (HCT)-specific
Comorbidity Index, RIC Reduced-Intensity Conditioning, MAC Myeloablative Conditioning, MSD Matched Sibling Donor, MUD Matched Unrelated Donor, HLA

Humal Leukocyte Antigen, LDH Lactate Dehydrogenase.
%Independent Sample T test.

PMann Whitney U.

“Pearson Chi Square.
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Table 2. Transplant Outcomes.

Variables

ATLG + PTCy25 (n=29) PTCy50 (n =41) p

Neutrophil engraftment, median (range) days 14 (9-18) 15 (8-31) 0.03?
Platelet engraftment, median (range), days 11 (7-21) 17 (8-42) <0.001?
Engraftment syndrome, n (%) 4 (13.8) 0 0.01°
Graft failure, n (%) 0.35°

Primary 0 14

Secondary 1 (3.4) 0
Poor graft function, n (%) 0.58°

Primary 134 3 (7.3)

Secondary 2 (6.9) 5(12.2)
Cumulative incidence of CMV reactivation

At 100 days, %, median (95% Cl) 36.7 (21.7-57.5) 50.4 (36.2-66.8) 0.28¢

At 1-year, %, median (95% Cl) 51.8 (33.4-73.1) 76.0 (60.4-88.9) 0.06°
Post-transplant DLI, n (%) 1(34) 1(24) 1.00¢
Post-transplant VOD 0 1(24) 1.00¢
Cause of mortality 13 8 0.53°

Sepsis 6

Relapse 2

GVHD 1 0

Continuous variables expressed as median and interquartile range; categorical variables were expressed as numbers and percentages.
GVHD Graft versus Host Disease, CMV Cytomegalovirus, DLI Donor lymphocyte infusion, VOD Veno-occlusive disease.

#Mann Whitney U.
PPearson Chi Square.
‘Fine-Gray'’s test.
9Fisher Exact Test.

who received MAC regimens, 11 had AML and 15 had ALL; 4 AML
patients’ ages were over 50 years, and none of the ALL patients’
ages were over 50 years.

In PTCy50 cohort, 31 (75.6%) patients had AML, 10 (24.4%) had
ALL. They had also median 1-line treatment prior to the
transplantation. Thirteen patients had RIC regimen and 28 patients
had MAC. Twelve patients who received RIC regimens had AML,
and only 1 had ALL, and all of the RIC patients’ ages were also over
50 years old. Of patients who received MAC regimens, 19 had AML
and 9 had ALL; 2 AML patients’ and 1 ALL patient’s ages were over
50 years.

Engraftment and graft failure information

In ATLG+PTCy25 cohort and PTCy 50 cohort, the median platelet
engraftment times were 11 days and 17 days; median neutrophil
engraftment times were 14 days and 15 days, respectively. Platelet
and neutrophil engraftment were more rapid in ATLG+PTCy25
cohort, and these were statistically significant (p <0.001 and
p = 0.027, respectively). Also, there was no engraftment syndrome
in PTCy50 cohort, whereas 13.8% of patients (n=4) in ATLG
+PTCy25 cohort had engraftment syndrome. In ATLG+PTCy25
cohort, 3.4% (n=1) of the patients had secondary graft failure
(age: 58, AML and had MAC regimen with Fludarabine/Treosulfan/
ATLG) whereas 2.4% (n=1) of PTCy50 cohort patients had
primary graft failure (age: 36, AML and had MAC regimen with
Fludarabine/Busulfan). In addition, 10.3% of ATLG+PTCy25 cohort
(h=3; 1 primary, 2 secondary) and 19.5% of PTCy50 cohort
patients (n=28; 3 primary, 5 secondary) had poor graft function
after the transplant. Both poor graft function and engraftment
failure were similar across groups (both p > 0.05) (Table 2).

Study endpoints

aGVHD and cGVHD patients’ characteristics are presented in
Tables 3 and 4. Cumulative incidences of grade II-IV aGVHD at

Bone Marrow Transplantation (2025) 60:864 - 872

+100 days, grade Ill-IV aGVHD at +100 days, and grade II-IV
cGVHD at 1-year were comparable between ATLG+PTCy25 and
PTCy50 groups (Table 5, Figs. 1-3). Cumulative incidences of
relapse and NRM at 1-year were similar in patients who received
ATLG+PTCy25 and PTCy50 (Table 5, Figs. 4 and 5).

PTCy50 was associated with a statistically significant benefit in
terms of GRFS at 1 year. Median GRFS was 115 (95% Cl: 42-214)
days and 248 (151-NR) days, respectively. HR was 0.51 (0.28-0.95),
p =0.03. GRFS at 1-year was 20.7% vs 44.3%, respectively (Table 5,
Fig. 6). However, the groups were comparable in terms of PFS and
OS. Median PFS was 332 days (95% Cl: 182 days-not reached) for
ATLG+PTCy25 group. It was not reached (95% Cl: 210 days-not
reached) for the patients who received PTCy50. Median OS was
reached in neither ATLG+PTCy25 (95% Cl: 191 days-not reached)
nor PTCy50 groups (Table 5, Figs. 7 and 8).

Other complications

The CIFs of post-transplantation CMV reactivation at 100 days
were comparable between the groups. However, there was a
trend for higher CIFs of post-transplantation CMV reactivation at
1-year in PTCy50 group [(76.0% (60.4-88.9%) vs 51.8%
(33.4-73.1%), p=0.06 (Table 2, supplementary Figs. 1 and 2)].
Veno-occlusive disease rates were similar across groups (Table 2).

DISCUSSION

This is the first study investigated ATLG+PTCy25 versus PTCy50 in
patients with acute leukemias, and the main findings of our study
were; (i) platelet and neutrophil engraftment times were shorter
for ATLG+PTCy25 treated patients, (ii) engraftment syndrome was
just seen in ATLG+PTCy25 patients, (iii) VOD rates, graft failures
and poor graft functions were similar between two approaches,
(iv) CIFs of grade II-IV aGVHD at +100 days, grade llI-IV aGVHD at
+100 days, and grade II-IV ¢cGVHD at 1-year were comparable
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Table 3. aGVHD characteristics.

ATLG + PTCy 25

Diagnosis Age aGVHD onset, days
AML 52 920

AML 51 88

AML 54 26

ALL 22 76

ALL 34 31

ALL 25 42

ALL 28 35

ALL 25 20

PTCy 50

Diagnosis Age aGVHD onset, days
AML 54 39

AML 65 97

AML 34 22

AML 18 80

AML 141 124
AML 36 17

AML 28 20

AML 54 70

ALL 19 65

ALL 51 28

ALL 61 97

ALL 45 172

Stage Grade

Skin Lower GI Liver

3 0 0 2
3 0 0 2
2 3 0 3
2 3 0 3
3 0 0 2
3 0 0 2
2 2 2 3
3 0 0 2

Stage Grade

Skin Lower GI Liver

2 0 0 1
3 1 0 2
3 1 1 2
0 3 0 3
3 0 0 2
3 0 0 2
3 0 0 2
2 0 0 1
3 0 0 2
3 3 0 3
3 0 0 2
3 0 0 2

ATLG Anti-T-lymphocyte globulin, PTCy Posttransplant cyclophosphamide, aGVHD Acute Graft-versus-host disease, AML Acute Myeloid Leukemia, ALL Acute

Lymphoblastic Leukemia, G/ Gastrointestinal.

Table 4. cGVHD Ccharacteristics.

ATLG + PTCy 25

Diagnosis Age cGVHD onset, days
AML 47 102
AML 60 115
AML 54 165
ALL 29 132
ALL 25 214
PTCy 50
Diagnosis Age cGVHD onset, days
AML 34 114
AML 27 192
AML 36 177

Stage Grade
Skin Lower Gl Liver
3 0 0 Severe
2 0 0 Moderate
2 0 0 Moderate
2 2 0 Moderate
2 0 0 Moderate
Stage Grade
Skin Lower Gl Liver
3 2 1 Severe
2 0 0 Moderate
3 0 0 Severe

ATLG Anti-T-lymphocyte globulin, PTCy Posttransplant cyclophosphamide, cGVHD Chronic Graft-versus-host disease, AML Acute Myeloid Leukemia, ALL Acute

Lymphoblastic Leukemia, G/ Gastrointestinal.

between groups, (v) post-transplantation CMV reactivation was
comparable between the groups, (vi) CIFs of relapse and non-
relapse mortality at 1-year were similar in two cohorts, (vii) PTCy50
was associated with a significant benefit in terms of GRFS at 1
year, (viii) PFS and OS rates were similar across groups.

SPRINGER NATURE

There are few reports in the literature regarding the use PTCy
with anti-thymocyte globulin (ATG) and engraftment kinetics. Zu
et al. evaluated the addition of the ATG to PTCy, aiming for
decreased doses of Cy and ATG while preserving efficacy in
matched unrelated donors. In this trial, PTCy 20 mg/kg x2 plus
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Table 5. Comparisons of clinical outcomes.

Outcome PTCy25 + ATLG Median (95% CI) PTCy50 Median (95% ClI) P
Number 29 4

Cumulative incidence of grade II-IV aGVHD at day +100, % 31.8 (17.3-53.8) 22.2 (11.7-39.9) 0.54
Cumulative incidence of grade llI-IV aGVHD at day +100, % 31.8 (17.3-53.8) 22.7 (11.9-40.6) 0.57
Cumulative incidence of grade II-IV cGVHD at 1-year, % 23.5 (10.5-47.7) 12.3 (4.1-34.1) 0.34
Cumulative incidence of relapse at 1-year, % 37.2 (20.2-61.7) 24.6 (12.4-45.00) 0.66
Cumulative incidence of NRM at 1-year, % 37.2 (20.2-61.7) 24.6 (12.4-45.00) 0.66
GRFS at 1-year, % 20.7 (8.4-36.7) 44.3 (26.0-61.2) 0.03
PFS at 1-year, % 48.3 (28.4-65.7) 59.5 (38.9-75.1) 0.42
OS at 1-year, % 58.7 (37.4-75.0) 70.1 (47.6-84.3) 0.26

PTCy posttransplant cyclophosphamide, GRFS GVHD-relapse-free survival, PFS progression-free survival, OS overall survival.
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Fig. 1 Cumulative incidence of grade II-IlV aGVHD at day +100.
Relapse and death were the competitive risk factors.

14 SHR: 0.75, 95%Cl: 0.28 to 1.99
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Cumulative incidence of aGVHD
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Fig. 2 Cumulative incidence of grade IlI-IV aGVHD at day +100.
Relapse and death were the competitive risk factors.

1.5mg/kg dose ATG resulted in faster platelet and neutrophil
engraftment [22]. Wang et al. demonstrated that lower doses of
ATG did not affect platelet engraftment time in haploidentical
hematopoietic stem cell transplants [23]. Our study used ATLG

Bone Marrow Transplantation (2025) 60:864 - 872

instead of ATG and resulted in faster platelet and neutrophil
engraftment compared to the PTCy50 cohort.

Transplantation success is affected mainly by post-transplant
events, like viral infections and endothelium-originated adverse
events, like VOD. Goldsmith et al. proposed increased CMV
infection risk with PTCy in seropositive patients [13]. In a
retrospective study, Tischer et al. compared PTCy 50 mg/kg x2
dose with rabbit ATG at a dose of 20 mg/kg for 5 days. Authors
concluded that prophylaxis with ATG caused a marked increase in
CMV reactivation [24]. Dulery et al reported that a reduced PTCy
dose of 40 mg/kg x2 does not mean reduced CMV infection rates
[25]. Tian et al. found no statistical difference between ATLG and
ATG regarding the CMV viremia [26]. Conflicting knowledge in
literature that ATG/ATLG increased CMV infections; our data
showed post-transplantation CMV reactivation at 100 days was
comparable between two cohorts. However, there was a trend for
higher CIFs of post-transplantation CMV reactivation at 1 year in
PTCy50 group.

Issues related to graft health significantly affect survival and
morbidity rates. Engraftment syndrome complicates the acute
phases of the transplant course and has the potential to be a life-
threatening complication. In a review article, the year of the
transplant and CNI-based GVHD prophylaxis were regarded as the
most important determinants for engraftment syndrome [27].
Combination prophylaxis with low-dose PTCy and ATLG led to
more engraftment syndrome in our cohort; this is the first-ever
reported data in this setting. Further data is needed to confirm this
correlation and the mechanism responsible for this finding also
needs to be explained.

Reducing GVHD rates while improving tolerability and limiting
toxicities could be regarded as the main target of a prophylaxis
regimen. Prem et al. demonstrated lower acute and chronic GVHD
rates when 50 mg/kg x2 dosing of PTCy combined with ATG at a
total dose of 4.5 mg/kg [28]. In a phase 2 trial conducted by Yang
etal,, patients received 1 day 50 mg/kg dose of PTCy in combination
with ATG. This trial published the first results of combined lower
dose Cy and ATG and yielded encouraging results with lower acute
and chronic GVHD rates, improved engraftment, and less viral
reactivation [29]. Zhang et al. further improved the regimen by
relocating the ATG at a dose of 2.5 mg/kg to +8 days of transplant
and PTCy 40 mg/kg/d on +3 and +4 days. Compared with the
standard 10 mg/kg dosing of ATG, the novel regimen resulted in
lower acute grade 2-4 GVHD in haploidentical transplants [30]. Xue
et al. introduced a regimen that contains the post-transplant 5th
day of ATLG in combination with PTCy 43 and +4 days dose of
50 mg/kg. This regimen significantly decreased non-severe cGVHD
but aGVHD rates did not significantly reduce compared with PTCy
alone [31]. In our study, we found that CIFs of grade II-IV aGVHD at
+100 days, grade lll-IV aGVHD at +100 days, and grade II-IV cGVHD
at 1-year were comparable between groups.
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Fig. 3 Cumulative incidence of grade II-IlV ¢cGVHD at 1 year.

Relapse and death were the competitive risk factors.
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Fig. 4 Cumulative incidence of relapse at 1 year. Death was the
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Another success of PTCy is reduced relapse rates, particularly in
haploidentical transplants. Two studies evaluating the role of PTCy
in haploidentical settings showed similar relapse and survival rates
to calcineurin (CNI)-based GVHD prophylaxis [32, 33]. Additionally,
some studies have shown lower relapse risk with PTCy compared
to CNI-based GVHD prophylaxis [34, 35]. A retrospective study of
Gallardo-Perez et al. revealed similar relapse rates with 25 mg/kg
x2 dose of PTCy compared to the standard dosing scheme [36].
Adding ATLG to PTCy doesn’t seem to impact survival and relapse
in matched-related and unrelated donor peripheral blood-derived
stem cell transplant [31]. In our study, dose reduction in PTCy and
addition of ATLG did not lead to more CIFs of relapse and non-
relapse mortality at 1 year both.

Certain limitations should be considered like retrospective non-
randomized study design, relatively small number of the patients,
and the follow-ups of the both ATLG+PTCy25 and PTCy50 cohorts
were short.

In conclusion, our study compared lower-dose PTCy plus ATLG
with standard dose PTCy. Lowering PTCy dose with ATLG seems to
accelerate platelet and neutrophil engraftment rates; confers
similar survival and relapse rates, similar acute and chronic GVHD
frequency despite increased GRFS at 1-year. The results should be
interpreted with caution and using/choosing these different
regimens should be considered based on the patients’ clinical
and disease characteristics prior to the transplantation. The
evidence gap is broad in this field, and further high-quality data
and performing prospective randomized clinical trials are para-
mount for validating and implementing lower PTCy dose plus
ATLG to routine care.
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